Poverty is a social problem in developing countries, especially for the rural places experiencing rapid transition. This study characterizes the temporal changes of rural poverty under rural transition during 1991-2010 in Guangxi. In particular, poverty is measured by the Foster-Greer-Thorbecke method, and rural transition is described from three aspects including rural industrialization, regional urbanization, and agriculture commercialization. Relationships are quantified by multivariate linear regression. Results reveal that industry income proportion (IIP) and secondary industry proportion (SIP) are positive contributors to the poverty incidence, while urban-rural income gap (URIG) is a negative contributor to the poverty incidence. Industrial total output of township and village enterprises (ITOE), IIP, and grain commercialization rate (GCR) present positive correlation with the poverty depth. The URIG has a negative correlation with the poverty depth. Tertiary industry proportion (TIP) and expenditure on fixed productive assets per capita (EFPA) are positively correlated with the poverty severity, while URIG and power of agricultural machinery (PAM) associate with poverty severity negatively. Redundancy analysis shows that individual influence of rural industrialization is higher than that of regional urbanization and agriculture commercialization. The joint influences of rural industrialization, regional urbanization, and agriculture commercialization are the strongest.
Introduction
Poverty alleviation is a primary goal of rural development in China [1] , and China's Central Government has initiated several antipoverty programs during the last three decades [2] . The rural household income associated with the rapid economic growth in China has increased rapidly [3] , and the population living in poverty has been decreased drastically in rural China [4] . But the researches using internationally comparable poverty lines, rather than the Chinese official poverty line which is relatively low, indicate that the rural poverty in China is still a serious problem, especially in the southwestern regions [5, 6] . And the government still faces many challenges to alleviate residual poverty. Indeed, the poverty headcount ratio in China was still 11.2% in 2010 at a $1.90 a day [7] . At the end of 2014, China still had 70.17 million people in rural areas living below the official poverty line of 2300 RMB in annual income using 2010 constant price [8] . Meanwhile, places and individuals benefit from China's rapid economic growth unequally [9] . The inequality between lowincome rural household and high-income rural household as well as that between rural places and urban cities slacks the rural poverty alleviation. It decreases the elasticity of rural poverty reduction due to rural economic growth [10] .
Poverty dynamics analysis has achieved a large advancement in recent years. Yu revealed that rapid economic growth has resulted not only in a decrease in income poverty but also in a decrease in multidimensional poverty in the last decade using China Health and Nutrition Survey 2000-2009 data [4] . Ferreira et al. found that one important reason for slow pace of poverty reduction between the mid-1980s and the mid-2000s in Brazil is that economic growth plays a relatively small role in poverty reduction [11] . Some methods for assessing poverty dynamics have been put forward [12] . Cheli and Betti provided a fuzzy analysis for assessing poverty dynamics on an Italian pseudo-panel 1985-1994 [13] . Verma et al. also presented a fuzzy measurement for analyzing longitudinal aspects of monetary and multidimensional poverty [14] .
Mathematical Problems in Engineering
Duclos et al. selected JR's approach to separate poverty into chronic and transient components and measured chronic and transient poverty in China using a rich panel data set [15] . Hulme and Shepherd conceptualized the chronic poverty in a nutshell and analyzed chronic poverty dynamics [16] . Hoy and Zheng provided an axiomatic framework for measuring lifetime poverty over multiple periods [17] . Gradín et al. presented an intertemporal poverty index which is consistent with the meaning of longitudinal poverty [18] .
Research indicates that many factors influence the temporal changes of rural poverty. Economic growth is considered as the most important factor for alleviating rural poverty. However, the role of economy can be insignificant [11] , given the inequity in income distribution [19] . Geography also has a close relationship with rural poverty. Carter and Barrett evidence the existence of geographic poverty traps using an asset-based approach [20] . The geographic poverty traps in rural areas are primarily associated with the high transportation costs, less-favored agricultural land, and poor public investment [21, 22] . Individual and household characteristics are also correlated with rural poverty. Human capital investment, such as education and health, is related to the farmer endowments for income [23] . Recent studies have highlighted that family structure and land distribution can impact the poverty incidence and poverty alleviation in rural areas [24, 25] . Rural transition in China reflects the then-current ideas about strategy and policy of government for rural development [26] . The rural industrialization, regional urbanization, and agricultural commercialization are described as three important aspects of rural transition in China. It increases the farmers' income and grain yield, eliminates the rural poverty, transfers the rural labor to the nonagricultural industries in urban areas, and stimulates the migration of farmers to settle permanently in cities or towns [27] [28] [29] [30] [31] . The rural transition plays a key role in the poverty alleviation in the early stage of open-door reform; however, the effect of rural transition on rural poverty is dubious considering the serious imbalance development of rural and urban areas in China. Meanwhile, the joint influences of rural industrialization, regional urbanization, and agricultural commercialization have close interactions between each other. In this context, it is a worthwhile attempt to analyze the poverty temporal changes in association with the three components of rural transition.
Several measures of poverty are proposed in previous literature. The headcount ratio which is a single poverty indicator selected in the early poverty measure is the proportion of a population that is classified as poor. It usually is defined as the population living below the poverty line [32] . However, the headcount ratio is considered as a crude poverty indicator. Sen defines the poverty as a deprivation of human capabilities [33] . He suggests that poverty should be a multidimensional problem. A multidimensional assessment of poverty takes into consideration various dimensions, such as income, education, health, and insurance [33] [34] [35] [36] . However, the multidimensional assessment of poverty is largely dependent on the selected indicators. The proper indicators for multidimensional assessment are determined difficultly. Foster et al. put forward the Foster-Greer-Thorbecke (FGT) method that measures poverty from incidence, depth, and severity [37, 38] . The poverty incidence measures the percent of a population whose income or consumption is below the poverty line. The poverty depth describes the average shortfall of the total population from the poverty line. The poverty severity reveals the inequality among the poor, and it assigns more weight to the persons that fall far short of the poverty line rather than those that are closer. The FGT poverty measure contributes to poverty measurement by developing a suitably parametric family of measures having suitable characteristics and a plain structure that provide a clear and accessible instrument for policymakers [39] . Therefore, this article uses the FGT poverty measure to assess the poverty for quantifying poverty temporal changes in association with rural transition.
Using the case of Guangxi, one of the poorest provinces in China, this article aims to (1) assess the FGT poverty indices, (2) quantify the relationships between rural transition indicators and FGT poverty metrics, and (3) analyze the individual influences and joint influences of the components of rural transition on the FGT poverty indices.
Study Area
Guangxi Zhuang Autonomous Region, bordered with Vietnam, is located in the southeastern ring of the YunnanGuizhou Plateau in South West China (Figure 1 ). It is a typical mountainous region that is featured with karst landscapes. This region is located at low latitude area and has subtropical climate that is characterized by long, usually hot summer and short winter. The rainfall shows a summer peak in Guangxi, and the annual rainfall that increases gradually southward averages 1000-2800 mm. Guangxi is one of the provinces most affected by meteorological disasters in China. Drought, flood, extreme heat or cold, and typhoon occur frequently in this place. The 2014 gross domestic product (GDP) of Guangxi ranks the thirteenth lowest nationwide. The poverty problem in Guangxi is pressing, and 5.38 million people are living below the official poverty line. A large proportion of farmers lack an essential amount of material possessions or money for livelihood in particular. It therefore offers a typical case to analyze the poverty issue in China. The amount of expenditure on fixed productive assets per capita in rural households
Data and Method

Indicators Selection.
Previous studies indicate that rural transition can be described from three aspects: rural industrialization, regional urbanization, and agricultural commercialization. In reference to this framework, I first select 20 indices to indicate the rural transition in Guangxi according to the literature review and data availability [25] [26] [27] [40] [41] [42] [43] [44] [45] . Expert panel evaluation is then applied to judge these selected indicators. Only those receiving high scores are kept. Based on the experts' suggestions, two indicators are revised to describe rural industrialization and regional urbanization. Table 1 shows the final 11 indicators of rural transition. The main reasons for selecting these indicators are briefly described as follows.
First, the rural industrialization promotes the industrial growth in rural Guangxi [46] . Under rural industrialization, the output of rural industry increases and more farmers are employed by rural industry. Thus, increased rural industrialization tends to raise industrial income of farmers. I therefore choose three variables, namely, the industrial total output of township and village enterprises (ITOE), proportion of persons employed in the secondary industry in rural area (PPSR), and industry income proportion (IIP). Second, regional urbanization reflects a population shift from rural to urban areas [47] . Urbanization creates enormous impacts on local society and economy [41] . I therefore select four variables, including the urban population proportion (UPP), secondary industry proportion (SIP), tertiary industry proportion (TIP), and urban-rural income gap (URIG). Third, the agricultural commercialization stimulates a market orientation of farm production. Grain commercialization rate (GCR) is therefore chosen. Besides, the agricultural commercialization depends on the improvement of infrastructure for agricultural production [48] . I therefore select two variables of tractor-plowed area (TPA) and power of agricultural machinery (PAM). I also choose one more variable (expenditure on fixed productive assets per capita, EFPA) to indicate the mixing of farmers' asset endowment with the agricultural commercialization. Foster et al. (1984) and Foster et al. (2010) [37, 39] , the general mathematical formula for FGT poverty measurement is expressed as
FGT Poverty Measure. According to
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The selected poverty line is 50 percent of the rural per capita net income in Guangxi.
The official poverty line was not publically accessible in 1993 and 1996. to the headcount index (H) which describes the poverty incidence. With = 1, formula FGT 1 reduces to the poverty gap (PG) which describes the poverty depth. With = 2, formula FGT 2 reduces to the squared poverty gap (SPG) which describes the poverty severity. The official rural poverty line in China has been critiqued for being too low [49] . China's rural poverty line is considered as one of the lowest lines in the developing world. Actually, the relative poverty line can be set as 50 percent of the local mean income or consumption [49, 50] . The mean income is sensitive to outliers in income distribution and in some cases may be not a robust measure; however, there is no official statistics about median income in China. Consequently, the mean income is widely selected in previous researches on poverty problem in China [1, 51] . Therefore, in this study, the 50 percent of the rural per capita net income in Guangxi is selected as the poverty line for analyzing the rural poverty ( Table 2 ). The selected poverty line which is more acceptable is higher than China's official poverty line. It is more suitable to reflect the actual poverty in rural Guangxi.
Statistical Analysis.
Multivariate linear regression is conducted to characterize the relationship between rural poverty and rural transition in Guangxi. In particular, FGT poverty indices are dependent variables, and rural transition indicators are independent variables. All the variables are entered and the backward regression procedure is adopted to handle the multicollinearity problem.
In order to assess the relative influence of the three components of rural transition (rural industrialization, regional urbanization, and agriculture commercialization), the redundancy analysis (RDA) is applied to decompose the explained variances into several fractions [52] [53] [54] . Specifically, the variation which is indicated by total standard deviation is partitioned into the following different fractions: (1) individual contribution for one component of rural transition, (2) joint contributions for two components of rural transition, (3) joint contributions for three components of rural transition, and (4) unexplained total variations.
Results
Trend of Rural Poverty in Guangxi.
Temporal changes of rural poverty in Guangxi from 1991 to 2010 are exhibited in Figure 2 . H cannot be fitted comfortably since the distribution of H has no significant increasing or decreasing trend. It denoted that the poverty incidence varies hugely in a short time, and the poverty incidence remains at a certain level. PG showed a significant cubic trend, signifying that the poverty depth has an increasing trend between 1991 and 2010. SPG also presented an increasing cubic trend. It denoted that the poverty severity has an upward trend, and the inequality among the poor farmers worsened during 1991 and 2010. All these results suggest that the rural poverty in Guangxi has not been greatly alleviated since 1991.
Rural Transition Process of Guangxi.
Temporal changes of rural transition indicators in Guangxi from 1991 to 2010 are shown in Figure 3 . For indicators of rural industrialization, ITOE and IIP show a cubic trend, and PPSR presents a quadratic trend. ITOE increases first, decreases in between, and then increases again. PPSR has a decreasing trend until it bended upward. IIP first increases and then decreases after the bend point. It suggests that the rural industrialization has various characteristics in Guangxi. The scale of rural industry expands in 1990s, but it began to shrink at the beginning of the 21st century. And the rural industrialization does not raise the industrial income per capita continuously, though the rural industry employs more farmers. For indicators of regional urbanization, UPP presents an increasing linear trend, and SIP demonstrates an increasing cubic trend between 1991 and 2010. TIP first has an upward trend and then decreases after the bend point. URIG presents a decreasing linear trend. It denotes that the proportion of population in cities and towns has increased in Guangxi. The urbanrural income gap grows fast in Guangxi. It implies that the income inequality between farmers and urban residents still gradually worsens. Meanwhile, the tertiary industry does not develop continuously in Guangxi, and the decreasing trend of tertiary industry has negative impact on the regional urbanization. For indicators of agricultural commercialization, all the indicators, including TPA, PAM, GCR, and EFPA, present a growing trend, although GCR has an initial significant decreasing trend. It signifies that the agricultural commercialization has been accelerated between 1991 and 2010. The agricultural commercialization gradually improves the agricultural production in Guangxi, and the farmers expanded their participation in markets.
Temporal Changes of Rural Poverty in Association with
Rural Transition. Relationships between rural poverty and rural transition are shown in Table 3 . The regression models are capable of predicting the response of rural poverty temporal changes in response to rural transition, since over 90% of adjusted 2 are explained. The exploratory rural transition indicators vary with the FGT poverty metrics. Between 1991 and 2010, IIP and SIP are positive contributors to the poverty incidence (H), while URIG is a negative contributor to the poverty incidence (H). The results denote that the improvement of industrial income per capita does not reduce the poverty incidence in Guangxi. Meanwhile, the different features of regional urbanization have opposite effects on the poverty incidence. The development of secondary industry also has a negative effect on the poverty incidence. But a narrowing of urban-rural income gap would cause the reduction in the poverty incidence. From 1991 to 2010, ITOE, IIP, and GCR present positive relationships with the poverty depth (PG); meanwhile, URIG presents negative relationships with the poverty depth (PG). It implies that the depth of poverty would be intensified by rural industrialization and agricultural commercialization in Guangxi. But it can be ameliorated by narrowing urban-rural income gap. TIP and EFPA are correlated with the poverty severity positively (SPG), while URIG and PAM are correlated with the poverty severity negatively (SPG). It suggests that the inequality between the poor farmers worsens since the growth of regional urbanization in respect to tertiary industry proportion, but the inequality could be reduced by narrowing the urban-rural income gap. Meanwhile, the growth in agricultural commercialization owing to expenditure on fixed productive assets per capita poses an extra challenge for eliminating poverty severity. However, increases in agriculture commercialization owing to power of agricultural machinery can ease the poverty severity. Table 4 shows the relative influences of different components of rural transition on rural poverty. It can be seen that the individual influence of rural industrialization is higher than that of regional urbanization and agricultural commercialization. Besides, the joint influences of rural industrialization, regional urbanization, and agriculture commercialization are the strongest. These results imply that the evolution of rural poverty should be more subjected to rural industrialization and regional urbanization.
Discussion and Policy Implications
The multivariable linear regressions could provide some important quantitative insights, regarding the evolution of rural poverty under rural transition in Guangxi. The positive coefficient for IIP reveals the strong correlation between the rural industrialization and increasing poverty incidence. The growth of ratio between the industrial income per capita and home business income per capita of farmers is unlikely to sever as a motor of decreases in poverty incidence [55] . The increasing IIP in Guangxi does not couple with the rising income per farmer. The low-income farmers are not endowed with capitals to benefit from the increasing industrial income during rural industrialization [56] . Meanwhile, the positive coefficient for SIP and negative coefficient for URIG suggest that the regional urbanization has different impacts on the poverty incidence. The growing secondary industry has driven the farmers to fall below the poverty line. It implies that the growing secondary industry does not trickle down to the poor, and the accumulation of wealth due to secondary industry is not beneficial for the low-income farmers in Guangxi [57] . The main reason is that a large proportion of poor farmers live in the karst mountain areas which are covered by soluble rocks. These karst regions always suffer from insufficient supply of surface water [58] . Therefore, the geographic condition in the karst mountain areas is not suitable for developing the secondary industry, especially for major industry sector and construction sector. The rapid growth of secondary industry is concentrated in the urban cities in Guangxi, but it cannot benefit the poor farmers since it is not the trickle-down growth. In contrast, the reduction in income inequality between farmers and urban residents can improve the poverty incidence. Yao also finds that rising income inequality has a critical opposite effect on the income growth which is key factor in reducing poverty incidence [10] . Industrial total output of township and village enterprises (ITOE), industry income proportion (IIP), secondary industry proportion (SIP), tertiary industry proportion (TIP), urban-rural income gap (URIG), power of agricultural machinery (PAM), grain commercialization rate (GCR), and expenditure on fixed productive assets per capita (EFPA). Indicators of rural industrialization including ITOE and IIP have the positive coefficients for the poverty depth. It implies that increasing total resources cannot eradicate poverty of farmers during the rapid rural industrialization. The expansion of rural industry raises the greater inequality among farmers [27] . The poor farmers fail to have the opportunities to bring them all out of poverty in the rural industrialization, given the inequity policy, lack of natural resources, and lack of access to education [5, 55, 59] . But the regional urbanization brings about a decreased depth of poverty owing to narrowing urban-rural income gap because of the negative coefficients of URIG. Since the open-door reform in the late 1970s, Chinese government has encouraged some people to get rich first by adopting "getting rich first" policy [60] . But it causes a serious inequality in China. The result suggests that the urban-rural income inequality leads to the unequal distribution of incomes between farmers and urban residents. The high degree of income equal distribution can help poor farmers to narrow the gap between income and poverty line [19, 56] . The agricultural commercialization cannot reduce the depth of poverty for the sake of the positive coefficients of GCR. It implies that the poor farmers cannot share the gains from the grain commercialization because the farmers' livelihood assets, such as farmland, technology, and labors, are not sufficient to obtain farm surpluses which can help to raise their income. However, nonpoverty farmers benefit from the grain commercialization, and they could raise their agricultural income during the process of grain commercialization. Therefore, the income gap between the poor farmers and nonpoverty farmers is enlarged by the agricultural commercialization in Guangxi.
The positive influence of TIP on the poverty severity denotes that the poorest farmers cannot substantially benefit from the development of tertiary industry. The inequality among the poor farmers does not improve since the income distribution among the poor is still unequal [61] . The poorest farmers are further away from the poverty line than the other poor farmers since they obtain smaller benefits from the tertiary industry. The regional urbanization accounts for more equal distribution among the farmers given the negative influence of URIG on the poverty severity. It indicates that the poverty can be alleviated when the gap between the farmers and urban residents is narrowed [62] . The agricultural commercialization can improve poverty severity by increasing power of agricultural machinery. However, it makes poverty severity worse simultaneously due to growing expenditure on fixed productive assets per capita. The increasing power of agricultural machinery enhances farm productivity in Guangxi, and the benefits which are gained from agricultural commercialization to the poor farmers are not confined to those near the poverty line [63] . Although the fixed productive assets of rural households have important impacts on the agricultural productivity [64] , the poorer farmers have low willingness to pay for fixed productive assets [22] . Therefore, the poorer farmers cannot benefit from the increasing fixed productive assets. The inequality among the poor farmers does not get ameliorative by raising the expenditure on fixed productive assets per capita in rural households. And the farmers who have surplus cash can obtain more benefits in the process of agricultural commercialization. It may exacerbate the poverty severity in Guangxi.
Comparing the relative influence of the three components of rural transition, the results show that rural industrialization is the most influential factor for evolution of rural poverty. It makes sense in that the development of local nonfarm industrialization which affects the farmers' non-farm income and off-farm employ is key factor for the evolution of rural poverty, although it has the negative impact on the poverty alleviation. I also discover that the joint influences of rural industrialization and agricultural commercialization are the strongest. Consequently, the rural transition which is considered as a road to poverty alleviation is heavily determined by rural industrialization.
This paper also provides some implications for policies. The rural industrialization has negative impact on the poverty alleviation in Guangxi. The important point to solve this problem is that the farmers' endowments are enhanced to help them gain more benefits from rural industrialization. Thus, the government's priority is to provide the public investments in education, vocational training, and infrastructure for poor farmers [51, 65] . Meanwhile, the specific enterprises in rural township and village should be selected to fit the local farmers' endowments, especially for the poorest farmers. The rural Guangxi should pay more attention to the development of labor-intensive enterprises. The labor-intensive enterprise sought for more effective and sustainable use of local natural resources.
The growth process of industries in regional urbanization cannot be classifiable as pro-poor. It implies that the benefits from the growth process of industries do not trickle down from the rich to the poor. The promoting pro-poor growth of industries requires policies and programs that are deliberately biased in favor of the poor farmers so that the poor farmers benefit proportionally more than the rich farmers [66] . For example, the policies should be in favor of the migration of poor farmers to secondary industry in urban areas since the rich farmers who are relatively skilled labor have more opportunities to migrate to secondary industry in the growth process of industries, and the rich farmers gain the large proportional benefits from the growth of secondary industry. A narrowing of urban-rural income gap in the process of regional urbanization is important for improving poverty incidence, poverty depth, and poverty severity. The policies for narrowing urban-rural income gap require a fundamental change of government attitude that is urban biased [10] . The price scissors between industrial and agricultural products still affect the wealth distribution between farmers and urban residents. The main methods to narrow price scissors are to increase the price of farm products and nurturing agriculture by industry. In addition, the wages of migrant farmers in urban areas are lower than the wages of urban residents in the long term. The government ought to choose to accelerate the growth rate of the wages of migrant farmers. The increasing wages can raise the incomes of poor farmers and rich farmers, and the poorest farmers can obtain more benefits from the regional urbanization [67] .
The agriculture commercialization should provide farmers with the new technologies, such as agricultural machinery [68] . The poorest farmers can obtain more benefits from these new technologies. Therefore, the important strategy is to encourage government to provide more technological support for the poorest farmer. Increasing grain commercialization rate and expenditure on fixed productive assets per capita cannot improve the poverty depth and poverty severity. It implies that, in order to alleviate poverty, the grain market should promote poor farmers' productivity growth and the poor farmers also should have more opportunities to increase their fixed productive assets.
Conclusions
This study characterizes the temporal changes of rural poverty including poverty incidence, poverty depth, and poverty severity in Guangxi using FGT poverty measure. And it presents the rural transition process described from three aspects including rural industrialization, regional urbanization, and agriculture commercialization in Guangxi. Then, the evolution of rural poverty under rural transition during 1991-2010 in Guangxi is analyzed. Results of multivariate linear regression reveal that IIP and SIP are positive contributors to the poverty incidence, while URIG is negative contributor to the poverty incidence. ITOE, IIP, and GCR present positive relationships with the poverty depth; meanwhile, URIG presents negative relationships with the poverty depth. TIP and EFPA correlate with the poverty severity positively, while URIG and PAM correlate with the poverty severity negatively.
Results of redundancy analysis show that individual influence of rural industrialization is higher than that of regional urbanization and agriculture commercialization. And the joint influences of rural industrialization, regional urbanization, and agriculture commercialization are the strongest. In order to improve negative influences of the current rural transition, the government should pay more attention to the improvement of the poor farmers' endowments by increasing public investments in education, vocational training, and infrastructure for poor farmers, promoting pro-poor growth of industries in rural areas and urban areas, changing the government attitude that is urban biased, and promoting poor farmers' productivity growth.
